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Having thus described our invention what we claim as new

and desire to secure as Letters Patent, is:

cluding a rare rth or near rare earth-like ele-

ment, a transition meta ement capable of

exhibiting multivalent states an gen, and in-

cluding at least one phase that exhibits

superconductivity at temperature in excess of 26°

2. The compositi of claim 1, further including an

alkaline earth element substituted for at least one

atom of said rare &arth or rare earth-like element

in said composition.

The composition of claim 2, where said transition

metal is C
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lkaline earth

—

4. The composition of claim 3, where said
Q , element is selected from the group/consisting of

3 B, Ca, Ba, and Sr.

| 5. The composition of claim 1, yhere said transition

Q metal element is selected from the group consisting

3 of Cu, Ni, and Cr.

| 6. The composition of aim 2, where said rare earth

Q or rare earth-lik¢ element is selected from the

roup consisting of La, Nd, and Ce.

The compositjion of claim 1, where said phase is

crystalline with a perovskite-like structure.

osition of claim 2, where said phase is

Q crystjalline with a perovskite-like structure.

' 9. The jcomposition of claim 1, where said phase exhibits

‘Q a |layer-like crystalline structure.
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| 10. The composition of claim 1,/where said phase is a

a\ mixed copper oxide phase.

The composition of /claim 1, where said composition
is comprised of gfixed oxides with alkaline earth

3 doping.

12. A superconducting combinatjon, including a
superconductive compositjon having a transition

temperature > 26°K,

means for passing a/superconducting electrical

current through sgid compoéition while said compo-

e < W

sition is at a témperature > 26°K., and

~

cooling means/ for cooling said composition to a
8 superconducting state at a temperature in excess

? of 26°K.

/ 13. The combination pf claim 12, where said

2 superconductivye composition includes a transition

metal/oxide.
YO9I87-074 - 31 -



= v

®-

14. The combination

superconductive

15. The combination

superconductive

of claim 12, wlfere said

composition ificludes Cu-oxide.

of clain/ 12, where said

composption includes a multivalent

transition metal, oxygen, and at least one addi-

tional element.

16. The combinatio

metal is Cu.

element

of claim 15, where said transition

The combigation of claim 15, where said additional

s a rare earth or rare earth-like element.

18. The dombination of claim 15, where said additional

element is an alkaline earth element.

19. THe combination of claim 12, where said composition

Y0987-074

includes a perovskite-like superconducting phase.
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} 20. Tﬁe combination of claim 12,

L

here said composition

includes a substituted trafsition metal oxide.

| 21. The combination of clgim 20, where said substituted

transition metal oxide includes a multivalent

w &

transition metal e}ement.

| 22. The combination/of claim 20, where said substituted

{
;L transition mefal oxide is an oxide of copper.

—

23. The combinAation of claim 20, where said substituted

:k transiti¢gn metal oxide has a layer-like structure.

A method including the steps of forming a transition

xide having a phase therein which exhibits
a superconducting state at a critical temperature

in excess of 26° K,

L - -

lowering the temperature of said mater at least

<

to said critical temperature to produce said

‘7 superconducting state in said phase, and
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25.

@ o

ing an electrical supercurrent through said
transition meta while it is in said super-

conducting state.

tdus

The wethod of claim 24, where/said transition mectal
oxide is comprised of a trgnsition metal capable

of exhibiting multivalent/ states.

Theg;zgsthod- of claim J4, where said transition metal

oxide is comprised Jof a Cu oxide.

A superconducting composition having a transition
re in excess of 26°K, said composition

being a substitute -oxide including a supercon-
ducting phase having a structure~substantially

close to the orthorhombic-tetragonal phase

tion of said composition.

Sugerconduhag,
Thi&eempee%efen-o

claim 27, where said substituted

Cu-oxide includ a rare earth or rare earth-like
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1 29. Thgdeempeséééeﬂ of claim 27, wifere said substituted

oL

Cu-oxide includes an alkali

chiny O@p@asmﬁ

ion-of claim 27, where said composition
crystalline structure which enhances
eléctron-phonon interactions to produce

uperconductivity at a temperature in excess of

26°K.

The composition of claym 31, where said crystalline
structure is layer-like,\enhancing the number of

Jahn-Teller polarons in sai

composite.

erconducting composition having a supercon-

with an alkaline earth element where the concen-
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tration of sYid alkaline earth element is near to
the conccntgati“nlof said alkaline earth element
where the s;perco ucting c;pper oxide phése in
said composition unddygoes an orthorhombic to

tetragonal structural plNse transition.

aeearat us

| 34. A superconducting coglposition hdving a supercon-
d? ducting onset tempégrature in excess of 26°K, the
'3 composition being/comprised of a mixed copper oxide
. 3+ .
y doped with an element chosen to create Cu ions

in said composfition.

Supevconducti ng; ORI CAuUS

| 35. The cldim 34, where said doping el-

ment includes an alkaline earth element.

|/ 36. A combination comprising:

a composition having superconducting onset tem-

perature in excess of 26°K, said composition being

y comprised of a subgtituted copper oxide exhibiting
5/ mixed valence stgtes and at least one other element

in its crystallfine structure,
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means for passing a superconducting electrical

current through said composition while said compo-

\- N .
7 sition is at a temperature/in excess of 26°K, and
/C) cooling means for cooling said composition to a
/{ superconducting state at a temperature in excess

e of 26°K.

combination of cl&im 36, where said at least

one other element i€ an alkaline earth element.

/

)&%é 38. The combination of cvéim‘Bé, where said at least

. . 3
one other element is/ an element which creates Cu

//é ions in said composition.

, 39. The composition of cdlaim 36, where said at least
one other element is ‘an element chosen to create

the presence of both C 2+ and Cu3+ ions in said

~C (o

composition.
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superconductor exhibiting a superconducting onset

at a temperature i xcess of 26°K, said supercon-

o o

ductor being comprised of at leas r elements,

none of which is itself superconducting.

QRPONIAUS

\D } 42. A supereenducter having a superconducting onset
n

.Q temperature greater 26°K, said superconductor being
_3 a doped transition/metal oxide, where said transi-

tion metal is itself non-superconducting.

\o 0pPOnULUS
] 43. The-supefeeadueseﬁ of claigl 42, where said doped

c? transition metal oxide ig multivalent in said

3 superconductor.

of claim 42, further including
an element whi creates a mixed valent state of
said transitifdn metal.
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45. Th?A?upefeendnctUr f claim 43, where said transi-

tion metal is Cu.

» M appuudus comprTsi

ﬁ-superconductor hav1ng superconducting onset

and including a metall, said oxide having a crys-

talline structure ich is oxygen deficient.

The superconductor 6f claim 46, where said transi-

tion metal is Cu.

\%5/{///7728. A superconductive composition comprised of a tran-

kf} ()\ Q} sition metal oxide havipg substitutions therein,
3 the amount of said substitutions being sufficient
y to produce sufficient/ electron-phonon interactions

) in said composition that said composition exhibits
é a superconducting onset at temperatures greater
7 than 26°K.
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l 49. The composition of claim 48, where gaid transition

JL. metal oxide is multivalent in said composition.

] 50. The composition of claim , where said transition

ol metal is Cu.
l 51. The composition off claim 48, where said substi-
L tutions include dn alkaline earth element.

The composi idn of claim 48, where said substi-

tutions intclude a rare earth or rare earth-like

53. A superconductor comprised of a copper oxide having
a layer-like crystalline structure and at least one
addjitional element substituted in said crystal]ine

structure, said structure being oxygen deficient

and exhibiting a superconducting onset temperature

l,
J
J
v
§
2

excess of 26°K.
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54. The superconductor of ¢laim 53, where said addi-

i
l tional element creatgs a mixed valent state of said

ide in said superconductor.

55. A combination, comprising:

\

02 a transition metal oxide having an oxygen defi-
\3 ciency, said transition metal being non-

Sl superconducting and said gxide having multivalent
5’— states,

means for passing an €lectrical superconducting

N 5

current through said Joxide while said oxide is at

oo

a temperature greater than 26°K, and

7 cooling means for/cooling said oxide in a super-
/0 conducting state jat a temperature greater than
/) 26°K.

/ 56. The comb&nation of claim 55, where said transition

J/%\

metal is Cu.
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57. A combination includipg;
: N .

a superconducting oxide/ having a superconducting onset

f 26°K and containing at lecast 3

temperature in excess

non-superconducting elements,

means for passing supercurrent through said oxide
while said oxide #¥s maintained at a temperature greater

than 26°K, and

/

/

i
f
3 ! - 3 ’ . . .
means for maintaining said oxide in a superconducting

state at a temperature greater than 26°K.

58. A combination, comprised of:

a copper oxide superconductor including an element which
creates a mixed valent state in said oxide, said oxide

being crystalline and having a layer-like structure,

means for passing a supercunyent through said copper
oxide while it is maintained at a temperature greater

than 26°K, and
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means for cooling said copper oxide to.a superconductive

state at a temperature greater than 26/K

59. A combination, comprised of:

a superconducting ceramic-like material having an
onset of superconductivity /at a temperature in ex-

cess of 26°K.,

means for passing a supencurrent through said
superconducting ceramic-like material while said
ceramic-like material is maintained at a temper-

ature in excess of 26°K., and

means for cooling said superconducting ceramic-like
material to a superc¢onductive state at a temper-

ature greater than [26°K.

60. A superconductQr comprised of a transition metal
oxide, and at least one additional element, said
superconductor having, a distorted crystalline
structure characterized an oxygen deficiency and

Y0987-074
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xhibiting a superconducting onset temperature in

The superconductor of claim 60, where said transi-

tion metal is Cu.

62. A superconductor comprised\of a transition metal
oxide and at least one additipnal element, said

superconductor having a distortkd crystalline

structure characterized by an oxygen excess and

exhibiting a superconducting onset temperature in

excess of 26°K.

N YR W —

’ 63. The superconductor of claim 62, where said tyansi-

;L tion metal is Cu.

N
ij§%§y4 64. A combination, comprising:
a? a mixed copper oxide composition having enhanced
3 polaron formation, said composition including an
({ element causing/said copper to have a mixed valent
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state in said composition, sdid composition further
having a distorted octahedral oxygen environment
leading to a T_ greater than 26°K.,

means for providing a/supercurrent through said

composition at temperatures greater than 26°K., and

cooling means for cooling said composition to a

temperature greatger than 26°K.

A superéonducting composition exhibiting
supercondugctivity at temperatures greater than
26°K, said cymposition being a ceramic-like mate-
rial in the RENAE-TM-O system, where RE is a rare
earth or near rare earth element, AE is an alkaline
earth element, TM iX a multivalent transition metal
element having at leagt two valence states in said
composition, and O is oXygen, the ratio of the
amounts of said transitioh metal in said two va-

lence states being determineéd by the ratio RE : AE.

A superconductive composition having a transition

temperature greater than 26°K, the tomposition in-



68.

p\.

d

J
¢
-
6

/
§
7

cluding a multivalent transition metal oxide and
t least one additional element, said composition

haying a distorted orthorhombic crystalline struc-

The composyition of claim 66, where said transition

metal oxide s a mixed copper oxide.

The composition of\claim 67, where said one addi-

tional element is an \alkaline earth element.

A superconductive combina{;on, comprising:

a superconducting composition exhibiting a super-
conducting transitiop temperature greater than
26°K, said compositjion being a transition metal
oxide having a distorted orthorhombic crystalline

structure, and

means for passing a superconducting electrical
current through said composition while said compo-

sition is at temperature greater than 26°K.
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70.

71.

72.

73.

The combination of clai

The combination of claim 69, whdre said transition

metal oxide is a mixed copper

The combination of claim 70/ where said mixed copper

oxide includes an alkalingé earth element.

71, where said mixed copper
oxide further includ a rare earth or rare earth-

like element.

A method for making a superconductor having a
superconducting pnset temperature > 26°K, said
method includi the steps of:

preparing powflers of oxygen-containing compounds
of a rare earth or rare earth-like element, an

alkaline eafth element, and copper,

mixing saijd compounds and firing said mixture to
create a mixed copper oxide composition including

said alkalline earth element and said rare earth or

rare eartth-like element, and
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75.

e @

annealing said mixed copper oxide cgfiposition at

an elevated tcmperature less than ‘bout 9SO°C'in“
an atmosphere including oxygen t¢ produce a super-
conducting composition having g mixed copper oxide
phase exhibiting a supercondycting onset temper-
ature greater than 26°K, safid superconducting com-

position having a layer-1lfke crystalline structure

after said annealing st

The method of claim/73, where the amount of oxygen
incorporated into Said composition is adjusted by
said annealing stlfep, the amount of oxygen therein
affecting the cfitical temperature Tc of the

superconducti composition.

A method f¢r making a superconductor having a
supercondficting onset temperature greater than
26°K, sald superconductor being comprised of a rare
rare earth-like element (RE), an alkaline
lement (AE), copper (CU), and oxygen (0) and
the general formula RE-AE-CU-0, said method
ing the steps of combining said rare earth

or rare earth-like element, said alkaline earth

_[‘8-
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element and said copper in the presgnce of oxygen

to produce a mixed copper oxide aﬂ/luding said rare
N N

earth or rare carth-like elemeny and said alkaline

earth element therecin, and

heating said mixed copper/oxide to produce a
superconductor having a frystalline layer-like

structure and exhibiting a superconducting onset
temperature greater an 26°K, the critical tran-
sition temperature HOf said superconductor being
dependent on the gmount of said alkaline earth el-

ement therein.

The method ¢f claim 75, where said heating step is

done in anfatmosphere including oxygen.

A combination, comprisingf
a mixed copper oxide domposition including an
alkaline earth element (AE) and a rare earth or
rare earth-like element (RE), said composition
having a layer-li/e crystalline structure and

multi-valent oxidation states, said composition
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exhibiting a substantially zefo resistance to the
flow of electrical current tljerethrough when cooled

to a superconducting state/at a temperature in ex-

/O cess of 26°K, and

// electrical means for passing an electrical super-
/o current through said composition when said compo-

/_3 sition exhibits substantially zero resistance at a

/9/ temperature greater than 26°K.

/ 78. The combination of claim 77, whgre the ratio

;L (AE,RE) : Cu is substantially

/ 79. The combination of claim 77, where the ratio

(AE,RE) : Cu is substantially 1:1.

| 80. The combination of cflaim 77, wherelsaid crystalline

;L structure is perovskite-like.

Y0987-074 - 50 -



d
J

Y0987-074

The combination of claim 77, where id mixed copper
oxide composition has a non-stoichiometric amount

of oxygen therein.

A method for making a superconductor having a
superconducting onset temperature greater than 26°,
said superconductor being/comprised of a rare earth
or rare earth-like elemgnt (RE), an alkaline earth
element (AE), a transifion metal element (TM), and
oxygen (0) and having the general formula
RE-AE-TM-0, said method including the steps of
ﬁombining said rarg¢ earth or rare earth-like ele-
ment, said alkaliige earth element and said transi-
tion metal elemefit in the presence of oxygen to
produce a mixed transition metal oxide including
said rare eartlf or rare earth-like element énd said
alkaline eartll element therein, and
heating sajd mixed tramnsition metal oxide to
produce a/ supercoductor having a crystalline
layer-like| structure and exhibiting a supercon-

ducting onset temperature greater than 26°K, said

supercondiictor having a non-stoichiometric amount
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The method of claim 82, where said transition metal

is coppe

84. A superconducting combination, comprising:

tv/Q a mixed transition meta) oxide composition con-
'3 taining a non-stoichiometric amount of oxygen
Y’ therein, a transition metal and at least one addi-
-
J tional element, said /composition having substan-
Q - tially zero resistance to the flow of electricity
‘7 therethrough when cooled to a superconducting state
8” at a temperature greater than 26°K, and

7 electrical means [for passing an electrical super-
10 current through said composition when said compo-
I sition is in psaid superconducting state at a

/&~  temperature grjrter than 26°K.

| 85. The combination of claim 84, where said transition

metal is copper.

A

] 86— A methods—eemprising the steps of:
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orming a composition including a transit/ion metal,

re earth or rare earth-like fglement, an

alkalin®  earth elcment, and oxygefi, where said

etal oxide hav-

is a mixed transition
ing a non-stoishiometric amount /of oxygen therein
ing state at a tem-

and exhibiting a ‘guperconduc

3
f
S" compositio
b
.7
§

perature greater than\26°K,
9 cooling said compositio aid superconducting

/0  state at a temperature fgreater than 26°K, and

N passing an electrigal current through sgid compo-
/3. sition while said/composition is in said sugercon-

i
. /3 ducting state.

87. The method pf claim 86, where said transition metal

/
L is copper

S —

88. A method, including the steps of:

forming a composition exhibiting a superconductive

W o

state at a temperature in excess of 26°K,

Y0987-074 - 53 -
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/ 89. The method o

v cooling said composition to.a te perature in excess
-
$ of 26°K at which temperature Said composition ex-"

é hibits said superconductive/state, and

7 passing an electrical rrent through said compo-

sition while said /composition is in said

\QQD

superconductive stafle.

claim 88, where said composition is

comprised off a metal oxide.

| 90. The metal of claim 88, where said composition is

SL/ comprised of a transition metal oxide.
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91.

94.

‘

(ADDED) A combination, comprising:

a composition exhibiting the onsef of a DC substantially
zero resistance state at an onsgt temperature in excess
of 30K, and
means for passing an electrfical current through said
composition while it is i

said substantially zero re-

sistance state.

92. (ADDED) The combinatipn of claim 91, where said compo-

sition is a copper okide.

(ADDED) An appafatus, comprising:

a mixed copper oxide material exhibiting'an onset of
superconductivity at an onset temperature greater than

26K, and

means for producing an electrical current through said
copper oxide material while it is in a supercbnducting

state at a|temperature in excess of 26K.

(ADDED) / he apparatus of claim 93, where said copper

i

oxide matefial exhibits a layer-like crystalline struc-



95. (ADDED) The apparatus off claim 93, where said copper

oxide material exhibits /a mixed valence state.

3(
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